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Abstract 
Growth and egg production data from F2 layer chickens produced from a mating of MHC-heterozygous 
B15B44 sires to B15B44 and B15B43 dams were analyzed for associations with the level of the 
individual's genomic heterozygosity and dam MHC. The F1 sires and dams were produced from matings 
of birds from two genetically distinct, highly inbred lines. Genomic heterozygosity (expressed as 
composite band frequency, CBF) was estimated based on the average proportion of shared bands of 
individual birds compared to a composite pool of Hinf I-digested DNA samples from the two inbred lines. 
Birds from dams of genotype B15B43 had significantly greater BW than progeny from B15B44 dams at 6 
wk and thereafter. Dam MHC genotype differences were also significant for number of eggs laid from 20 
to 28 wk of age, with B15B43 progeny being superior. Negative regression coefficients at hatch, 32, and 
44 wk were observed for the effect of CBF on BW of progeny from B15B43 dams and at hatch and 32 wk 
from progeny of pooled dam genotypes. Similarly, negative regression coefficients were observed for the 
association of CBF with number of eggs within progeny from the B15B44 dam MHC genotypes at 20 to 
28 wk and total period recorded, and at 28 to 36 wk for progeny from B15B43 dams. The CBF regression 
coefficients and the differences among progeny based on dam MHC genotypes suggest that individual 
heterozygosity and MHC genotype may be associated with BW and egg production in chickens. 
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Associations of Individual Genomic Heterozygosity, Estimated by Molecular 
Fingerprinting, and of Dam Major Histocompatibility Complex with Growth 
and Egg Production Traits in Layer Chickens1 
A. CAHANER,2 E. J. SMITH,3 S. SWENSON, and S. J. LAMONT4 
Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150 
ABSTRACT Growth and egg production data from F2 
layer chickens produced from a mating of MHC-
heterozygous B15B44 sires to B15B44 and B15B43 dams 
were analyzed for associations with the level of the 
individual's genomic heterozygosity and dam MHC. 
The Fi sires and dams were produced from matings of 
birds from two genetically distinct, highly inbred lines. 
Genomic heterozygosity (expressed as composite band 
frequency, CBF) was estimated based on the average 
proportion of shared bands of individual birds com-
pared to a composite pool of Hini I-digested DNA 
samples from the two inbred lines. Birds from dams of 
genotype B15B43 had significantly greater BW than 
progeny from B15B44 dams at 6 wk and thereafter. Dam 
MHC genotype differences were also significant for 
INTRODUCTION 
The chicken MHC is associated with performance 
traits such as growth and reproduction (Lamont et al. 
1987; Sato et ah, 1992) and resistance to several diseases 
(Bacon, 1987; Gavora, 1990). Recent genetic studies have 
shown that heterozygosity at the MHC, or B complex, 
significantly influences performance traits. The effect of 
MHC heterozygosity on production traits was reported 
by Sato et al. (1992) to vary with parental B haplotype. 
These observations suggested that additional studies 
may be desirable to further evaluate the effect of MHC 
haplotype on the performance of crossbred chickens. 
Variation in DNA fingerprint patterns has also been 
associated with production traits in poultry. Dunnington 
et al. (1992) identified a DNA fingerprint band linked 
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number of eggs laid from 20 to 28 wk of age, with B15B43 
progeny being superior. Negative regression coefficients 
at hatch, 32, and 44 wk were observed for the effect of 
CBF on BW of progeny from B15B43 dams and at hatch 
and 32 wk from progeny of pooled dam genotypes. 
Similarly, negative regression coefficients were observed 
for the association of CBF with number of eggs within 
progeny from the B15B44 dam MHC genotypes at 20 to 
28 wk and total period recorded, and at 28 to 36 wk for 
progeny from B15B^3 dams. The CBF regression coeffi-
cients and the differences among progeny based on dam 
MHC genotypes suggest that individual heterozygosity 
and MHC genotype may be associated with BW and egg 
production in chickens. 
1996 Poultry Science 75:1463-1467 
with shank length and BW. Plotsky et al. (1993) reported 
line-specific DNA bands in birds divergently selected for 
abdominal fat. Upon examination of test-crosses, one 
sire-specific band was found to be linked with abdomi-
nal fat percentage. Analysis of DNA fingerprints was 
used (Kuhnlein et al, 1990) to develop a method for 
estimating inbreeding levels in chickens maintained 
under different selection programs. Gavora et al. (1993) 
suggested that DNA fingerprinting could be used for 
assessing the effect of genetic distance between popula-
tions on combining ability and the level of heterosis, as 
detected by performance, in line and strain crosses. 
The ability to sample a large fraction of the genome 
by DNA fingerprinting suggests that this technique may 
be useful in evaluating the association of within-
population heterozygosity of individuals and pheno-
typic performance. Although no such studies have been 
reported in poultry, there is extensive published work 
on the relationship between an individual's heterozygos-
ity and performance in other species, including mollusks 
(see review by Zouros, 1987) and plants (Smith et al, 
1990). These studies have mostly been based on a few 
loci and results regarding possible associations of 
heterozygosity and performance have been inconsistent. 
In the present study, the effect of genomic heterozygos-
ity of individuals, estimated by DNA fingerprints, and 
(Key words: egg traits, body weight, major histocompatibility complex, DNA fingerprinting, heterozygosity) 
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of dam MHC genotype on egg production traits and BW 
were examined in layer chickens. 
MATERIALS AND METHODS 
Animals and Recorded Traits 
The experimental animals were F2 progeny of an inter se 
mating of Fi sires and dams. The Fj birds were produced 
from a cross of two highly inbred lines, each of which has 
an inbreeding coefficient of 0.99 (Lamont et al, 1992). The 
HN line originated from 1950s commercial North Ameri-
can stock and was represented in this study by a single 
homozygous MHC type, B15. The M line originated from a 
single importation of an Egyptian line in the 1950s and 
was represented by two congenic lines with the same 
genetic background but differing in the microchromo-
some bearing the MHC, either as B43 or B44 in the 
homozygous state. Because the two inbred lines were 
completely unrelated, the Fi birds were expected to be 
heterozygous for many polymorphic genes. The MHC 
genotype of the two Fi sires, determined by serological 
typing of the B locus, was B15B44. Each sire was mated to 
four B15B44 and four BISB43 Fa dams. 
Body weight was measured at 1 d, and at 2,6,12,20,32, 
and 44 wk of age. Age at first egg (AFE) and the number of 
eggs laid in three consecutive 8-wk periods (NE1, NE2, 
and NE3, respectively) beginning at 20 wk of age were 
recorded. This record was estimated from the number of 
eggs laid for 4 sequential d in each week. Average egg 
weight at 31 wk of age was measured for five eggs 
collected from each hen. Birds were brooded in floor pens 
and then maintained in individual cages after 19 wk. They 
had free access to water and standard rations meeting or 
exceeding all NRC requirements (NRC, 1994). 
DNA Analysis 
Blood was collected from F2 birds into 0.50 M EDTA 
and frozen until use. Isolation, digestion, and hybridiza-
tion of DNA were according to Plotsky et al. (1993). Ten 
micrograms of each isolated DNA was digested with Hint 
I restriction enzyme and electrophoresed at 32 V for 48 to 
60 h. The "control" composite sample on each gel 
consisted of the same pool of DNA from multiple 
individuals of each sex from each inbred line. Transfer of 
fractionated DNA fragments onto nitrocellulose mem-
branes was by the alkali procedure of Reed and Mann 
(1985). Filters were hybridized at 65 C with minisatellite 
probe 33.6 (Jeffreys et al, 1985) labeled by the random-
priming procedure (Feinberg and Vogelstein, 1984). The 
labeled filters were washed at low stringency, before 
exposure to X-ray film for 1 to 7 d. The fingerprint patterns 
of individual samples were compared with that of the 
composite lane, and the composite-lane band-sharing 
frequency (CBF) was calculated as Nsampie/NcompOSite, 
where Ns a mpie = the number of bands in an individual 
sample lane and NcompOSite = the number of bands in the 
lane of the composite pool of DNA. 
Statistical Analysis 
The model used for analysis of effects of dam MHC 
genotype, sex, and genomic heterozygosity on BW was: 
Yijk = M + Hi + Sj + M Q ^ + HSij + HtMCi^J + eijM, 
where Yijk is BW data from kth progeny; H; is the fixed 
effect of ith dam MHC genotype; Sj is the effect of the jth 
sex; b(Qjk) is random effect of genomic heterozygosity 
computed as a regression coefficient of BW on CBF; HSy 
and H[b(Qjk)] are interactions between sex and MHC 
genotype and between MHC genotype and regression 
coefficient of BW on CBF, respectively; and eyy is random 
error, expected to have an average of zero. 
The mixed model used to analyze egg production (hen 
AFE, egg number, and egg weight) traits was: 
Yq = (i + Hi + b(Qj) + H[b(Qj)] + eijk 
where Yjj is egg data from the jth progeny, and Hi, b(Qj), 
H[b(Qj)], and e ^ are defined as above. Analyses by both 
models were conducted by using the JMP statistical 
analysis package (SAS Institute, 1995). 
RESULTS AND DISCUSSION 
Dam MHC and Performance Traits 
For each trait, the effects of dam MHC and individual 
CBF were analyzed using a single model; however, for 
clarity, the results are presented in separate tables. The P 
values for the effects on BW of sex and dam MHC 
genotype and their interactions are presented in Table 1. 
As expected, sex differences were significant for BW at all 
ages except hatch. Dams of genotype B15B^3 had progeny 
with significantly greater weight than progeny from 
515344 dams at 6 wk and thereafter. The BW differences 
between progeny groups at 6 to 32 wk of age ranged from 
3 to 14%. In previous studies, Abplanalp et al. (1992) 
reported small, statistically significant differences among 
B-congenic lines for 40-wk BW. Negligible differences in 
BW among MHC heterozygotes were reported (Sato et al, 
1992). 
Egg number from 20 to 28 wk was significantly affected 
by dam MHC genotype (Table 2). This result is generally 
consistent with studies suggesting an association of the B 
locus with adaptive reproduction value (Nordskog et al., 
1973; Lamont et al, 1987). Kim et al. (1989), however, in a 
study using different MHC alleles, reported no significant 
differences among MHC genotypes for growth, AFE, and 
hen-housed egg production. The performance differences 
between progeny of dam genotype (B15B^ and B15B^3) 
groups can be attributed mainly to differences in the 
MHC-bearing microchromosome. The reproduction ad-
vantage, then, if pleiotropy is the genetic mechanism 
resulting in this difference, is likely contributed by the B43 
allele, which, in this study, may be mediated via the 
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TABLE 1. Body weight (least squares means ± SEM in grams) at 










B 15 B 43 
n1 = 81 
32 ± 0.2 
124 ± 1.1 
401 ± 4.6 
984 ± 9.2 
1,584 ± 13.6 
1,954 ± 27.3 
2,126 + 31.0 
Dam B genotype 
B 15g44 
n = 41 
31 ± 0.3 
121 ± 1.6 
354 ± 6.6 
846 ± 13.1 
1,382 ± 19.3 
1,780 ± 39.8 
1,878 ± 45.1 


































] n = number of progeny included in the analyses from each dam genotype. 
increased BW. Previous and current studies suggest that 
the influence of the MHC may depend on the specific 
combination of alleles in the population. This inference is 
supported by a report that the effect of the MHC on 
production traits may be additive, making specific allelic 
combination of more importance than dominance (Lun-
den et al., 1993). 
Band-Sharing Frequency and 
Heterozygosity 
The DNA fingerprint pattern of the composite lane of 
pooled samples from the two parental inbred lines 
represents the theoretical maximum number of bands that 
could be present in any F2 individual; that is, it shows the 
DNA fingerprint band pattern of "maximum heterozy-
gosity". All F2 samples were evaluated for the frequency 
of bands shared with the composite sample, thereby 
estimating each individual bird's level of genomic 
heterozygosity. Based on this comparison, higher band-
sharing frequency with the composite lane denotes higher 
estimated level of heterozygosity. Frequency of band-
sharing by individual samples with the composite DNA 
ranged from 0.47 to 1.00, with a mean of 0.78. This result 
corresponds well to the expected mean heterozygosity 
level (0.75) of F2 birds that are progeny of F^ sires and 
dams possessing almost 100% heterozygosity and that 
resulted from crossing the two genetically distinct inbred 
lines. Sex and dam MHC differences in frequency of band-
sharing were, as expected, not significant. The male 
progeny of B15B44 and B15B43 dams had a mean 
composite-lane band-sharing frequency of 0.77 and 0.76, 
respectively, and females, 0.78 and 0.79, respectively. The 
lack of a higher level of heterozygosity within the progeny 
from B15B43 dams suggests that few or no DNA 
fingerprint bands identified chromosomal segments of the 
MHC, which existed in three alleles (B15, B43, and B44) in 
this progeny group as compared to two alleles in progeny 
from B15B44 dams. 
Degree of Heterozygosity and 
Performance of Individuals 
The regression coefficient of CBF on BW was significant 
at hatch within progeny of both dam genotypes, and at 32 
and 44 wk of age within progeny from Bl5B43 dams (Table 
3). The degree of association of CBF with BW varies with 
dam MHC genotype. The regression coefficients of CBF 
on BW within Bl5B43 dam genotypes were negative at all 
ages. The coefficients within B15B44 were also negative at 
four of the seven ages measured. The regression coeffi-
cients reported for BW within individual or combined 
dam genotypes suggest that genomic heterozygosity, as 
measured in the present study has a negative but 
inconsistent effect on weight. 
Regression coefficients of egg traits on CBF were 
significant for NEl and NE2 within dam B15B44 and B15B43 
TABLE 
Trait1 
2. Egg production traits 





B 15 B 44 
and effects of dam 
B 1 5 B 4 4 : B 1 5 B 4 4 
MHC genotype (Dgen) 
Significance 
Dgen 

























n = 20 
149.1 ± 2.23 
41.8 ± 0.85 
14.5 ± 1.22 
16.4 ± 1.01 
14.6 ± 1.66 














JAFE = age, in days, at first egg, EW = egg weight in grams, NEl = eggs from 20 to 28 wk of age, NE2 = eggs 
from 28 to 36 wk of age, NE3 = eggs from 36 to 44 wk of age, and NEtot = eggs from 20 to 44 wk of age. 
2n = number of progeny included in the analyses from each dam genotype. 
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TABLE 3. Regression coefficient of BW on composite-lane band-sharing 
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B15g44 
n = 41 
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genotypes, respectively (Table 4). As observed for BW, the 
regression coefficients observed for CBF on egg traits were 
generally negative, although small, when the analysis was 
based on combined data from both dam MHC genotypes. 
Within dam MHC genotype, however, the coefficients 
were inconsistent. Although the association of CBF with 
all egg traits except EW were positive in the progeny from 
gl5g43 dams, negative coefficients were obtained from 
regression of CBF on all the egg traits except AFE in 
progeny from B15B44 dams. This finding suggests that any 
effect of individual heterozygosity on reproductive per-
formance may vary with the dam's MHC genotype. In the 
present studies, the analyses suggest that among progeny 
from Bi5g44 dams, as the degree of heterozygosity 
increases, egg production traits including AFE become 
negatively affected. This result differs from a report that 
multilocus probes could predict strain-cross heterosis in 
both egg- and meat-type birds (Gavora et al., 1993). Using 
restriction fragment length polymorphisms from single 
locus probes, many researchers have reported relation-
ships among yield, heterosis, and molecular genotype of 
different plants (Helentjaris et al, 1985; Lee et al., 1989; 
Smith et al, 1990). 
The lack of consistent significant association of an 
individual s heterozygosity, as evaluated using CBF, with 
her egg production traits is contrary to the study of 
Gavora et al. (1993) and those reviewed by FairfuU and 
Gowe (1990), which suggest that maternal heterosis 
arising from strain crosses significantly influences hen-
housed egg production. The reported level of heterosis for 
this trait was low, however, ranging from -3 to 30% with a 
mean of 12%. In the current study, the lack of significant 
effect of genomic heterozygosity on egg numbers might be 
attributed to the difference in experimental design 
compared to preceding studies. The present study 
estimated genomic heterozygosity at the level of the 
individual, and examined relationships of individual 
phenotypic performance with individual heterozygosity 
within a population. Most other studies have evaluated 
heterosis by examining mean performance levels of line or 
strain crosses and estimating molecular genetic heterozy-
gosity by comparing DNA pools or randomly sampled 
individuals from the population crosses or the originating 
lines. More important, however, may be the concept that 
the general hypothesis—that heterosis is related to 
heterozygosity—is not applicable to the experimental 
TABLE 4. Regression coefficients of egg production traits on composite-lane band-sharing 
















Dam B genotype 
gl5g44 






























1 AFE = age in days at first egg, EW = egg weight in grams, NE1 = eggs from 20 to 28 wk of age, NE2 = eggs from 
28 to 36 wk of age, NE3 = eggs from 36 to 44 wk of age, and NEtot = eggs from 20 to 44 wk of age. 
2n = number of progeny included in the analyses from each dam genotype. 
'Significant regression coefficient (P < 0.05). 
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populations used in the present study. The process of 
extreme inbreeding (about 50 generations of full-sib 
matings) used to develop the inbred lines utilized in this 
study likely led to the elimination of most recessive 
negative alleles. In this circumstance, there may be little 
advantage to heterozygosity, and heterosis, if present, is 
more likely to result from the additive effect of unique 
combinations of alleles. We speculate that this phenome-
non may also hold true for some commercial populations 
in which many negative recessive alleles have been 
removed through decades of intense selection. 
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